Abstract: Minimally invasive endoscopic resection has been rapidly adopted as a new technique for treating patients with gastric submucosal tumors (SMTs) originating in the muscularis propria (MP) layer. This study was conducted to evaluate the information obtained from endoscopic ultrasonography (EUS) to determine the appropriate endoscopic dissection method for treating SMTs originating in the MP layer. Between February 2014 and May 2016, a total of 50 patients with gastric SMTs originating in the MP layer were enrolled in this study. The clinical features of the patients and their endoscopic, EUS, and histopathologic findings, as well as their postoperative follow-up data, were analyzed in this retrospective study. The mean age of the patients was (55.0±10.2) years, and the male/female ratio was 17:33. Endoscopic submucosal dissection (ESD) was performed on 43 patients and an endoscopic full-thickness resection (EFR) was performed on seven patients. The most frequent location for an SMT was in the upper body region of the stomach (n=16), and the most common pathological diagnosis was a gastrointestinal stromal tumor (GIST) (n=32). The overall rates for complete resection were 95.3% (41/43) and 100.0% (7/7) when the SMTs were treated by ESD and EFR, respectively. The presence of a complete tumor capsule was significantly associated with a complete resection (P=0.001). Of the cases treated by ESD, nine patients developed perforation, one of whom required laparoscopic surgery. The remaining patients were closed with clips or purse-string sutures. The presence of an MP2-type tumor (P=0.018) and a wide connection with the MP layer (P=0.044) were significantly associated with perforation. A preoperative evaluation of the integrity and the location of a tumor capsule and the length of the tumor connection with the MP layer by EUS can improve the complete resection rate and reduce the occurrence of intraoperative complications. Tumors with a complete capsule originating from the superficial MP layer or with a narrow connection with the MP layer are appropriate candidates for treatment by ESD.
Introduction
Gastric submucosal tumors (SMTs) originating in the muscularis propria (MP) layer are usually asymptomatic, and thus are accidentally discovered during endoscopic procedures. A portion of gastric SMTs are gastrointestinal stromal tumors (GISTs), which comprise the most common type of gastrointestinal mesenchymal tumors, and have a high potential for malignancy (Hedenbro et al., 1991; Hwang et al., 2006) . Until recently, small gastric SMTs originating in the MP layer were primarily treated with surgical techniques (Nishimura et al., 2007; von Schonfeld, 2009; Ryu et al., 2011) . However, minimally invasive endoscopic resection has gradually become recognized as an alternative method for treating these patients. Endoscopic submucosal dissection (ESD) is an effective technique for completely resecting SMTs originating in the submucosal layer, and is associated with fewer complications than other treatment methods. However, gastric SMTs originating in the MP layer are located deep within the lesion, and the higher incidence of perforation and bleeding limits the use of ESD to remove them (Park et al., 2004; Lee et al., 2006; Zhou et al., 2011; Bialek et al., 2012; Chun et al., 2013; Hobel et al., 2014; Meng et al., 2015) . Laparoscopic-assisted endoscopic full-thickness resection (EFR) is a technique in which an iatrogenic perforation of the gastric wall is created for the purpose of removing a deep gastric lesion for patient treatment or to obtain a precise pathological diagnosis (Jeon et al., 2010; Ye et al., 2014) . Technological improvements have allowed endoscopic resection to become the preferred option for treating SMTs originating in the MP layer because it allows the patient to retain the normal structure and function of their stomach, and it improves their long-term quality of life. However, endoscopic surgery does have some drawbacks, such as the risks of incomplete resection, perforation, and bleeding. Several feasibility studies have shown that when used to treat SMTs originating in the MP layer, standard ESD achieves a complete resection in 64% to 75% of cases (Park et al., 2004; Lee et al., 2006; Bialek et al., 2012; Chun et al., 2013; Hobel et al., 2014; Meng et al., 2015) and produces perforation in 0% to 20% of cases (Probst et al., 2009; Jeon et al., 2010; Shi et al., 2011; Zhang et al., 2011; Bialek et al., 2012; Hobel et al., 2014) . Therefore, when choosing an endoscopic procedure, a preoperative evaluation is important for avoiding both unnecessary surgery and the subsequent procedures.
Endoscopic ultrasonography (EUS) is one of the most valuable diagnostic tools for differentiating gastric SMTs. Additionally, it provides valuable information for guiding future management of a patient, by probing the lesion's size, origin, margins, and echo structure (Chak, 2002) . Several studies have recently introduced EUS as a method for the locoregional staging of gastric cancers, and planning the therapeutic management of such patients (Brand et al., 2002; Polkowski et al., 2004; Kwee and Kwee, 2007; Mocellin et al., 2011) . Because EUS has matured as a clinical methodology, it may now be possible to use this technique for selecting the most appropriate treatment for SMTs originating in the MP layer. In this study, we used EUS to observe SMTs originating in the MP layer, and then to evaluate the following parameters: membrane integrity, origin (originating in the superficial or deep MP layer), spatial relationship between the tumor capsule and the serosa layer, ratio of the length of the muscular connection, and the semi-circumference of the tumor capsule. This information was used to select the best type of endoscopic treatment, and to assess whether a complete resection could be achieved, the risk of complications, and the prognosis for the patient.
Materials and methods

Patients and study design
Between February 2014 and May 2016, a total of 50 patients (17 males, 33 females; median age 55.0 years, range 35-72 years) with gastric SMTs originating in the MP layer were enrolled in this study conducted at Zhejiang Provincial People's Hospital and Tongde Hospital of Zhejiang Province, Hangzhou, China. Each of the enrolled patients had provided their written informed consent to undergo ESD or EFR after receiving detailed verbal and written information concerning the EUS examination, ESD procedure, EFR procedure, and alternative treatment options. Prior to treatment, all patients were examined by EUS, and patients with an SMT that originated in the MP layer and did not display an extraluminal growth pattern were considered to be suitable for ESD. The data were retrospectively collected.
Standard endoscopy and EUS
Each patient underwent a conventional endoscopic examination performed by an endoscopist who used a conventional white-light endoscope (GIF-Q260J or GIF-H260Z; Olympus Optical Co., Ltd., Tokyo, Japan). Each tumor was assessed for its size, shape, location, appearance, and mobility, and its location was recorded as being in one of the following regions: cardia, fundus, upper body, mid body, lower body, or antrum. EUS was performed with a radial-scanning echo endoscope (GF-UM2000 or UM-DP12-25R micro probe; Olympus Optical Co., Ltd., Tokyo, Japan), and the following parameters for each lesion were recorded: echo intensity, echo uniformity, origin level, size, and boundaries. Evaluations included:
(1) the largest tumor diameter; (2) the tumor growth pattern (intraluminal vs. extraluminal); (3) tumor capsular integrity; (4) location of the tumor capsule in the fourth layer; (5) the ratio of the length of the muscular connection and the semi-circumference of the tumor capsule; and (6) the vessels surrounding the tumor. The superficial MP layer was defined as the upper half of the fourth layer, while the deep MP layer was defined as the lower half of the fourth layer. Tumors that showed the hyperechoic line of their capsule to be located in the superficial MP layer or deep MP layer were classified as MP1 type and MP2 type tumors, respectively . Tumors with a capsule that was tightly adhered to the serosa layer were classified as a serosa-type tumor (Fig. 1d) . A narrow muscular connection was defined as the length of the connection area with the fourth layer being <40% of the tumor capsular semi-circumference, while a wide muscular connection was defined as that length being ≥40% (Figs. 1a and 1b ).
ESD and EFR procedures
Endoscopic treatment: all ESD and EFR procedures were performed under conditions of general anesthesia and endotracheal intubation. (1) ESD: when the target lesion was identified, marking dots for guiding the incision were placed 3-5 mm outside the tumor using an argon plasma coagulation (APC) probe and epinephrine-saline-dye solution. After uplifting the lesion, an insulated-tip knife, hook-knife, or other type of electric knife was used to make a mucosal incision along the line of dots and dissect each lesion from the MP layer. (2) EFR: the ESD technique was used to separate the tumor until the serosa layer. Next, the full-thickness tumor, its underlying serosa, and the peritumoral gastric tissues were gradually resected using an insulated-tip knife. These tissues were resected by creating an iatrogenic perforation of the gastric wall for subsequent removal of the tumor. Clips or purse-string sutures were used for closure of the gastric wall defect. 
Pathological examinations and follow-up assessments
Endoscopically or surgically resected tissue specimens were fixed in 10% formalin, and then microscopically examined for cell type, depth of invasion, resection margins, nuclear atypia, and mitotic index. Immunohistochemical analyses of the c-Kit (CD117), CD34, smooth muscle actin (SMA), DOG-1, Ki-67, Desmin, and S-100 protein markers were performed to classify each tumor subtype. Each resection margin was classified based on the general criteria for cancer involvement in a resection margin (Edge and Compton, 2010) . A status of "complete resection" was assigned when a full pathological examination showed that the horizontal and vertical resection margins were negative for tumor cells, and there was no evidence of lymphovascular invasion.
Each patient was scheduled to be followed up by conventional endoscopy at 3, 6, and 12 months after treatment to observe the healing of the artificial ulcer and to rule out tumor recurrence. Subsequently, each patient also received a follow-up examination every year to check for local tumor recurrence, lymph node swelling, and any evidence of distant metastasis.
Statistical analyses
All data were analyzed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). Values are presented as mean±standard deviation (SD), median value, or a percentage. Continuous data were evaluated using the t-test and comparisons of categorical data were performed using Fisher's exact test. P-values of <0.05 were considered statistically significant.
Results
Patients' tumor characteristics
The patients' characteristics and clinicopathologic features of the lesions are summarized in Table 1 . The mean age of the patients was 55.0 years (range 35-72 years) and the male/female ratio was 17:33. The mean follow-up duration for the study subjects was (11.9±6.8) months (range 3-25 months). The most frequent locations of the SMTs were in the upper body region of the stomach (16 (32%)) and the fundus (15 (30%)). The final histologic examinations revealed that 32 patients (64%) had a GIST and 16 patients (32%) had a leiomyoma. The tumors had a mean maximum diameter of 1.5 cm (range 1.0-3.0 cm). Of the 50 lesions, 7 (14%) displayed extraluminal growth and 43 (86%) displayed intraluminal growth. Forty-eight tumor capsules (96%) were complete and 2 (4%) were incomplete. EUS assessments of the depth of invasion and area of muscular connection showed that the numbers of MP1, MP2, and serosa tumors were 14 (28%), 29 (58%), and 7 (14%), respectively. Thirty tumors (60%) showed a wide muscular connection and 20 tumors (40%) had a narrow muscular connection. Forty-three lesions (86%) were initially treated by ESD, and the remaining 7 lesions (14%) were treated by EFR as a curative procedure.
Tumor resection rate
The clinical outcomes of the study subjects treated by ESD or EFR are summarized in Table 2 . A successful complete resection was achieved for 41 of 43 patients (95.3%) treated by ESD. One patient in whom the ESD operation was incomplete underwent a laparoscopic operation to remove the residual tumor. Another patient with a GIST had a microscopic incomplete resection, but refused additional surgical management. All 7 lesions (100%) treated by EFR were completely resected. We analyzed the factors associated with a complete resection, including the tumor's location and size, and features seen by gastroscopy, EUS, and histologic examination. Two tumors with an incomplete capsule could not be fully resected by ESD.
The parameters associated with a complete tumor resection by ESD are shown in Table 3 . The integrity of the tumor capsule was significantly correlated with the complete resection rate (P=0.001).
Complications
The intraoperative perforation rate among patients treated by ESD was 20.9%. No major postoperative complications occurred and no patient developed major hemorrhage. Nine patients developed an endoscopically visible perforation during their ESD procedure, eight of whom were closed by pursestring suture or metal clips and one received laparoscopic surgery. Furthermore, the tumor (laparoscopic procedure) was located on the cardia region of the stomach, which made it very difficult to close the gastric wall by endoscopic methods. Therefore, an additional laparoscopic operation was performed to complete the closure. Each of the nine lesions had a complete capsule which was located in the deep MP layer, and had a wide connection with the MP layer. In one of the perforation cases, the length of the tumor's muscular connection was about 60% of its capsular semi-circumference. Two patients treated by EFR were switched to a laparoscopic operation. One of the patients developed major bleeding caused by accidental injury of the serosa artery. The bleeding resulted in blurred endoscopic vision, and could not be stopped with metal clips; however, it was finally managed with a laparoscopic operation. The second patient had a very large iatrogenic perforation, and could not be closed endoscopically.
Some parameters for predicting perforation are shown in Table 4 . A tumor's capsular location and its length of connection with the MP layer showed significant positive correlations with the occurrence of perforation (P=0.018 and P=0.044, respectively). 
Discussion
ESD has been increasingly used to treat gastric SMTs originating in the MP layer. This is due to the small amount of trauma and rapid patient recovery time associated with the technique, as well as its broader acceptance by doctors and patients for producing results equivalent to those achieved with open surgery. However, this technology remains in an experimental stage, and no studies have addressed its safety, long-term results, or the most appropriate indications for its use. Most of the current studies on endoscopic resection of SMTs originating in the MP layer have been conducted on a small scale and investigated its practicability and feasibility. However, because deeper dissections are being performed, the use of ESD to perform a complete resection and the associated risks of complication are factors that require further investigation.
The complete resection rate is an important index for evaluating the effectiveness of ESD as a treatment modality. In two studies which used similar inclusion criteria and methods, Chun et al. (2013) reported that the complete resection rate for SMTs originating in the MP layer of SMTs was 74.3%. These authors also reported that a positive rolling sign (tumor having a narrow muscle connection or no muscle connection) and a tumor size >2 cm were closely related to the complete resection rate. Bialek et al. (2012) reported a complete resection rate of 68%, and showed that the region connected with the MP layer was a factor correlated with a complete resection. In the current study, we achieved a complete resection rate of 95.3% (41/43 cases) when using ESD to treat tumors. We also found that an incomplete tumor capsule was negatively associated with the complete resection rate, whereas the connection between the tumor and the MP layer, the depth of tumor invasion, and tumor size did not correlate with the complete resection rate. Tumors with an incomplete capsule were more likely to extend to the resection edges, both vertically and horizontally. Also, the tumor tissue was more tightly connected with the surrounding tissue, and thus was more difficult to completely remove by endoscopic methods.
The most common complications of ESD are perforation and bleeding. Bialek et al. (2012) reported a 5.4% perforation rate when resecting SMTs originating in the MP layer. Those authors also reported that the tumor's connection with the MP layer was a factor related to complications, but did not specify the degree of contact with the MP layer or the depth of muscle invasion that correlated with the complication rate. In the present study, the perforation rate for SMTs originating in the MP layer and treated by ESD was 20.9% (9/43 cases), and this was much higher than the rates reported in other studies. This may have partially resulted from a large number of patients having tumors with a deeper than usual invasion level. However, it should be noted that using ESD to treat SMTs originating in the MP layer is a difficult process, and a perforation rate as high as 20% has been reported (Probst et al., 2009) . In the present study, the presence of an MP2-type tumor and a wide muscular connection appeared to be factors associated with the occurrence of complications. The perforation rate for tumors with a wide muscular connection was significantly higher than that for tumors with a narrow muscular connection (34.8% vs. 5.0%; P=0.044). Chun et al. (2013) studied 35 SMTs which originated in the MP layer, and reported that perforation was more likely to occur when ESD was used to treat an immobile tumor (40% vs. 0% for highly mobile tumors), whereas the tumor's connection with the fourth layer was not related to the perforation rate. A wide muscular connection was a common finding among growing intraluminal tumors originating in the deep MP layer (Fig. 2b) , and also among growing subserosal tumors (Fig. 2c) . Moreover, there is a high probability of causing a perforation when treating such tumors. Tumors with a wide muscular connection have a capsule that is closely linked with the muscle tissue, and thus require dissection of a large MP layer, as well as repeated electrocoagulation procedures that can damage the MP. As a result, it is often difficult to separate the tumor from the MP layer without causing perforation. Additionally, rupturing the tumor capsule may lead to tumor recurrence or metastasis.
In the current study, the perforation rate among MP2-type tumors (31%) was significantly higher than that of MP1-type tumors (0%; P=0.018). Theoretically, as the tumor invasion depth increases, the proportion of underlying muscle tissue decreases, and the chances of perforation also increase. In contrast to MP1-type tumors (Fig. 3b) , MP2-type tumors have only a small underlying muscular layer and a much larger adjacent MP layer (Fig. 3c) , and thus may become perforated more frequently. Our observations emphasize the role played by EUS in selecting appropriate patients for ESD. The EUS findings regarding tumor muscular connections, tumor capsule location, and tumor capsule integrity are helpful for predicting the occurrence of complications and the probability of a complete endoscopic resection.
When using ESD to treat gastric SMTs originating in the MP layer, we found that some SMTs had a wide muscular connection and were located close to the serosa layer, and thus perforation was unavoidable when treating them by endoscopic resection. A growing subserosal tumor always shows an extraluminal growth pattern on EUS, and is easily diagnosed. In such cases, it was necessary to perform EFR to remove the underlying MP or serosa that was adherent to the tumor, by creating an iatrogenic perforation on the gastric wall. All seven SMTs in our study originating in the MP layer, were tightly adhered to the serosa layer, and had a wide muscular connection.
There is no standard for selecting an endoscopic resection method for treating small gastric SMTs that originate in the MP layer, because it is difficult to preoperatively diagnose these lesions and assess their malignant potential. Although in recent years, endoscopic resection technology has rapidly progressed and gradually replaced open surgery, its higher incidence of complications and rates of incomplete resection still demand attention. Thus, EUS plays an important role due to its ability to predict the occurrence of resection complications and the likelihood of achieving a successful endoscopic resection prior to actually performing the procedure. In this study, we analyzed EUS findings to investigate the appropriate indications for treatment with endoscopic resection, and then to select the most suitable resection method. We found that tumors which originated in the superficial MP layer or had a narrow connection with the MP layer showed higher complete resection rates with almost no accompanying complications, and thus appeared to be ideal candidates for treatment with ESD. However, ESD should not be selected as a method for treating tumors which have an incomplete capsule. The current study has several limitations that should be mentioned. First, it had a retrospective rather than prospective design, and included a small number of patients. Second, not all patients who underwent endoscopic resection completed their long-term follow-up visits.
In conclusion, the results of this retrospective study suggest that EUS findings regarding the integrity and location of the tumor capsule and the length of the tumor muscular connection help to improve the complete resection rate and to reduce the occurrence of intraoperative complications. Therefore, the hyperechoic demarcation line between a tumor and the MP layer does contribute to the qualification of patients with a gastric SMT for ESD.
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